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EXECUTIVE SUMMARY  

As a student of MBA in Power Management from National Power Training Institute, I got an 

opportunity to do my summer internship at Vedanta Sterlite, which is a very modern and 

designated independent thermal power plant in Odisha with a generation capacity of 2400 MW. 

During the period of my internship; I got the opportunity to work and analyze the operational 

regulatory compliances of the thermal power plant. 

Regulatory compliance and various other environmental standards have to be met necessarily 

during the operation of the thermal power plant. Indian Electricity Grid Code, Standards of 

Operational Performance for Tariff Determination by CERC, Ash handling, utilization and 

disposal, Emission Standards, water procurement and discharge Standards by MOEF (Ministry 

of Environment and Forest) are some very important regulations that defines the boundaries for 

the successful and mutually profitable operation of a thermal power plant. 

This report is concentrated on defining and analyzing the above mentioned standards and 

regulations. It focuses on the successful compliance with these regulations while preventing 

undesired penalties and making maximum profit throughout the operation. Report also describes 

new ways and opportunities as PAT (Perform Achieve & Trade) mechanism of GoI to make 

profit while making a brand reputation in the market. 

By the year 2015 Vedanta would be requiring reduced APC to meet the PAT standards and avoid 

monetary loss due to purchase of the APC certificates. There are many steps taken towards the 

reduction to 6.5% from the current 8.6%. If APC is reduced furthermore, it would provide an 

opportunity to trade the surplus certificates acquired. 

Vedanta is having a modern water consumption mechanism and an ultra-modern CSDS 

(Concentrated Slurry Disposal System). It leads to very good figures of water consumption 

(currently 35 M3 /MW) when compared to the Indian Industry (85 M3 / MW), but it shows a huge 

potential of reduction when compared to international standards (10 M3 / MW).  
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CHAPTER 1 

COMPANY PROFILE  

Vedanta Aluminium Ltd is an associate company of the 

London Stock Exchange listed, FTSE 100 diversified resources 

group Vedanta Resources Plc. Originally incorporated in 2001, 

VAL is a leading producer of metallurgical grade alumina and other aluminium products, which 

cater to a wide spectrum of industries. 

VAL has carved out a niche for itself in the aluminium industry with its superior product 

quality based on state-of-the-art technology. The firm operates a 1 mtpa greenfield alumina 

refinery and an associated 75 MW captive power plant at Lanjigarh in the state of Orissa. Plans 

are afoot to increase the capacity of the Lanjigarh refinery significantly to 5 mtpa. This is in line 

with VALôs strategy to promote Lanjigarh as a self sustained manufacturing unit in terms of cost 

advantage and resource availability. 

VAL has invested in a 0.5 mtpa aluminum smelter and 1215 MW captive power plant 

supported by highly modern infrastructure at Jharsuguda, Orissa. In addition to this, construction 

of 1.1 mtpa aluminium smelter expansion project at Jharsuguda is under process. The company 

intends to expand the fully integrated aluminium smelting capacity to around 2.6 mtpa in near 

future. 

Jharsuguda is also the site of the 2400 MW Independent Power Plant being set up by 

group company Sterlite Energy Ltd to meet the growing demand for power from both urban and 

rural consumers. 

The idea of sustainable development is deeply ensconced in VALôs business ethos. VAL 

is committed to the socio-economic transformation of local communities residing around the 

plant sites and undertakes several initiatives to promote sustainable development. The firm has 

focused on developing modern health amenities, educational facilities for children and skill 

development programmes for adults. Several other programmes have been undertaken to 

enhance health and sanitation, promote livelihood generation and improve infrastructure in the 

villages surrounding Jharsuguda and Lanjigarh. The firm believes that its development initiatives 
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will encourage a dedicated team of self motivated individuals to participate and drive the 

companyôs growth in the future. 
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About Sterlite Energy Limited (SEL): 

Sterlite Energy Limited (SEL) is a part of 

Vedanta Resources plc , a London listed FTSE 100 

diversified metals and mining major with Aluminium, 

Copper, Zinc and Iron ore operations in India, 

Australia and Zambia, and a subsidiary of Vedanta group flagship company, Sterlite Industries 

(India) Limited. SEL was established to develop, construct and operate power plants and seeks to 

become one of Indiaôs leading commercial power generation companies.  

SEL is well positioned to capitalize on Indiaôs economic growth, power deficit and large 

coal reserves to develop a commercial power generation business. It shall benefit from Vedanta 

groupôs experienced and focused management with strong project execution skills, experience in 

building and operating captive power plants, substantial experience in mining activities and the 

capacity to finance world-class projects.    

Jharsugda Power Project: 

Sterlite Energy Ltd has taken a major initiative towards the advancement of the power 

infrastructure in Orissa through its 4 x 600 MW coal-based independent power plant (IPP) in 

Jharsuguda district. The IPP project envisages a total capital outlay of Rs. 8,200 crores. The two 

units have commenced commercial operation since November 2010 and April 2011 respectively. 

The project is expected to be fully commissioned in the third quarter of Fiscal 2012.  

The power plant entails a number of pioneering achievements in the Indian power sector. 

Each of its four units has a capacity of 600 MW, which makes the units the largest commissioned 

in India till date. One of the largest coal handling plants to handle 44,000 MT of coal per day, 

which is equivalent to 14 rakes of coal a day and a power generation capacity to produce 57 

million units/day. In addition to this, a Hybrid ESP with fabric filter is being deployed for the 

first time in an Indian power plant. The plant also has a dual LP-flow steam turbine and four 160 

meters high natural draft cooling towers. Other important features of the plant include two 275 

meters high multi-flue stacks and a high concentration slurry disposal (HCSD) system for dry 

ash and highly concentrated slurry. 
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The company has made extensive arrangements to source raw materials for the power 

plant. The Hirakud Reservoir is being used as a water source and coal- the chief raw material, is 

being derived from the IB Valley coalfield. Power would be supplied to consumers through the 

high-voltage power lines. 

As a prime advocate of sustainable development, Sterlite Energy Ltd. puts a premium on 

environmentally friendly construction technology. The plant employs hybrid ESP and fabric 

filter which maintains stack emission < 50 mg/m3 and HCSD system for ash disposal, which 

results in very low consumption of water compared to wet slurry system. The Jharsuguda IPP 

would therefore be a zero effluent discharge plant with stack emission 

For actualization of Vision for Global Benchmark Performance, the Company has tied up 

for Operation & Maintenance of  the station with Evonik Energy Services (India) Pvt. Ltd., a 

wholly owned subsidiary of Evonik Energy Services GmbH, Germany having 70 years of 

experience in O&M of Coal fired thermal Power Plants of big size. 
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Independent Power Plant Jharsugda, Odissa 

Proposed Installed Capacity 2,4000 MW (600 X 4 MW) 

Technology Thermal Sub-Critical 

EPC Contractor Sepco III, Chaina 

O&M Contractor  Evonik Energy Services (India) Pvt. Ltd. 

Estimated Coal Requirement Approximately 12.49 mtpa 

Coal Supply Status 112.22 million tons coal block allocated(2); 

provisional coal linkage of 2.57 mtpa 

received, which will be sufficient for the 

generation of a substantial portion of the 

power in the first 600 MW unit, and coal 

linkage with respect to 1,800 MW of capacity 

applied for. 

Commissioning of the Units First - August 2010 

Second - January 2011 

Estimated Project Cost 82,000 Million 
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CHAPTER-2 

Review of Indian Power Generation Sector 

Indian Economy & Power Requirement: 

 India experienced unprecedented economic growth of 8%1 for the last several years. Even 

after factoring recent developments in global economy & local scenario, India is likely to 

maintain 9%2 economic growth over 12th FYP. These growth rates are fairly higher than the 

economic growths observed in developed world and they are likely to increase our energy 

requirement at even higher rate. 

 India is currently facing energy shortage of 8.5% and peak shortage of 10.3%3. As per the 

12th FYP, Indiaôs energy demand will grow 6% per annum and we would require installed power 

generation capacity of about 100 Gigawatts (GW). The power requirement, besides economic 

growth, is also driven by Governmentôs aim to provide ñpower for allò.  

 Given the above scenario, it is becoming increasingly important for India to operate 

existing generation assets at peak of their capacity besides new capacity additions. A number of 

plants today are running at sub-optimal plant load factor (PLF) levels due to various issues like 

fuel shortages, unplanned shut-down due to poor maintenance and time taken to rectify the 

problems. While, we have observed improvements in Plant Load Factor (PLF) of generating 

plants (from 57.1% in year 1992-93 to 75.1% in year 2010-114), still there is significant 

improvement possible. 

  

                                                           
1 Report of the working group on power for 12th plan 
2 Report of the working group on power for 12th plan 
3 National Electricity Plan (volume 1) Generation Report, January 2012 
4 CEA: Operation performance of generating stations in the country during the year 2010-11. 
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CHAPTER 3 

3.1 INTRODUCTION TO UNSCHEDULED INTERCHANGE 

 MECHANISM  

 
Unscheduled Interchange (UI) is the mechanism developed to improve grid efficiency, grid 

discipline, accountability and responsibility by imposing charges on those who defer from their 

scheduled generation or drawal. Unscheduled generation and drawal of electricity puts the whole 

grid and many other electrical equipment in to danger by dumping large fluctuations in 

frequencies. Unscheduled Interchange is a part of three part tariff put forward by GoI in the 

name of Availability Based Tariff on 4th January 2000 at inter-state level. A proposal for ABT, 

as a three-part tariff, was first mooted in the year 1994 in a report submitted by an International 

Consultant (ECC Report) to the Government of India. The Government then constituted a 

National Task Force (NTF) as well as Regional Task Force (RTFs) to debate on various issues in 

the introduction of ABT for bulk power. Based on the recommendation of NTF, Central 

Government has prepared a draft notification and submitted to Central Electricity Regulatory 

Commission (CERC) for finalization. As a result ABT was implemented at different regions at 

these dates.  

¶ Western Region: 1st July 2002  

¶ Northern Region: 1st December 2002  

¶ Southern Region: 1st January 2003  

¶ Eastern Region: 1st April 2003  

¶ North Eastern Region: 1st October 2003 

 

Any power plant is having fixed and variable costs, the fixed cost comprise of interest on loan & 

working capital, return on equity, O&M expenses, insurance, taxes & depreciation. The variable 

costs are the fuel costs. In Availability Based Tariff these two costs are treated separately. The 

payment of fixed cost is dependent on Availability of the plant, i.e. whether the plant is available 

for MW generation or not on a day to day basis. The amount payable to the company as a part of 

fixed cost depends on the average availability of the plant over the year. If the average 

availability of the plant over the year is more than the specified norm of the plant, the generator 
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gets higher payment and vice versa. This first component of the ABT is also called as the 

ñCapacity Chargeò.  

The second part of this ABT is the variable cost i.e. the energy charge which is charged as per 

the fuel consumption given by the schedule of the day and not on the actual generation. If there 

are deviations in generation, i.e. if scheduled generation of the plant is 100 MW and the plant 

generates 110 MW, the energy charge would still be paid for 100 MW of energy generation and 

the remaining 10 MW will be paid as per the system conditions prevailing during that extra 

generation. If the grid already had surplus power when this extra 10 MW was generated and the 

frequency was above 50 Hz the rate at which this power is sold will be lower and vice versa.  

This leads us to conclude that there are three parts in ABT; Capacity charge , Energy charge and 

the Payment for deviations from schedule at the conditions prevailing at the time of deviation. 

The negative third part would signify that the payment is made by the generator for violating the 

schedule.  

3.2 BACKGROUND  

The regulations for implementation of Availability Based Tariff (ABT), which included 

Unscheduled Interchange (UI) charge as an additional tariff component, were put in place by the 

Central Electricity Regulatory Commission (CERC) in January 2000, well before the enactment 

of Electricity Act (EA) in June 2003. Prior to the implementation of ABT, fluctuations in grid 

frequency were quite significant, ranging between 48 and 52 Hz. With ABT in place in early 

2000, CERC as well as Indian Electricity Grid Code regulations stipulated a frequency range 

between 49 Hz and 50.5 Hz, which although an improvement over the existing condition were 

still higher than the internationally accepted norm of grid frequency at 50 Hz with variation of 

+/-0.2 Hz. Subsequently, the ABT mechanism was implemented in a phased manner across the 

five regions of India by the end of CY 2003, and has seen some success in curtailing the wide 

variations in the frequency profile. Further, in order to improvise grid discipline across regions, 

CERC has revised the norms for UI pricing several times through separate orders, as directed in 

EA-2003. This note aims to capture the recent amendments in UI & Grid Code norms and the 

implications of the same on buyers and sellers in the power sector. 

 



19 
 

3.3 PRE UI ABT SCENARIO  

 Power system of a country is a manifestation of its society. The indiscipline, lawlessness and 

absence of accountability prevailing in the Indian society were visible even in power system 

operation. Till recently regional power system operation was more frightening than an Alfred 

Hitchcock horror movie. Scholars could be excused for getting a shock of their lives by a mere 

glance at the daily frequency and voltage profile of any region. System operation was an endless 

effort to prevent the system from collapsing.  

The central public sector generation incentives were linked to the actual production and 

not on availability. Generators would continue to pump in as much energy into the system as 

they could irrespective of the system frequency and still be rewarded for the wastage of scarce 

resources. The load serving utilities/SEBs would compare the variable cost of their own 

generators to the composite cost (sunk cost + energy charge) of the external generator causing a 

skewed dispatch. Ironically, the Regional Grid operators had a harrowing time trying to get 

generation backed down to protect the turbines of the very generators causing that situation. On 

the other end of the spectrum, the state utilities could overdraw from the grid with impunity even 

during deficit and still escape Scot-free by returning equivalent energy to the system during 

surplus conditions. No wonder there was chaos and despair all around. 
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FIG 1 ï ERLDC frequency profile, Date- 26.09.1998 

 

 

 

FIG 2 ï Frequency profile of SRLDC, Dated-24.04.2002 
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3.4 OBJECTIVE  OF REGULATORY  

ñThe objective of these regulations is to maintain grid discipline as envisaged under the Grid 

Code through the commercial mechanism of Unscheduled Interchange Charges by controlling 

the users of the grid in scheduling, dispatch and drawl of electricity.ò 

   - Central Electricity Regulatory Commission (Unscheduled Interchange 

charges and related matters) Regulations, 2009. 

¶ SCOPE 

These regulations shall be applicable to ï 

(i) the generating stations and the beneficiaries, and 

(ii) sellers and buyers involved in the transaction facilitated through 5[short term open access or 

medium term open access] or long-term access in inter- State transmission of electricity. 

   - Central Electricity Regulatory Commission (Unscheduled Interchange 

charges and related matters) Regulations, 2009. 

3.5 INTRODUCTION TO UI ABT  STRUCTURE 

An interconnected system with thousands of kilometers of lines and hundreds of generators 

operating with split second synchronism is the greatest scientific achievement of the millennium. 

It is the largest single machine ever created. 

Components of Availability Based Tariff The tariff under the Intra-State ABT regime shall have 

three components, namely fixed charges, energy charges and Un-scheduled Inter-change charges 

(UI Charges). 

The fixed charges shall be linked to Availability and variable charges to scheduled energy. 

Unscheduled Interchange (UI) rate shall be applicable for the deviations from the schedule. 

¶ Fixed Charges/Capacity Charges: 

(i) Capacity charges of the generators shall be payable by users on the capacity allocated to them, 

irrespective of the quantum of power they draw or scheduled to draw. 

(ii) Capacity charges shall be related to óAvailabilityô of the generating station. 
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(iii) Capacity charges at various óAvailabilityô levels shall be computed in accordance with 

OERC Regulations / guidelines. Recovery of capacity charges below the level of such target 

Availability shall be on pro-rata basis. At zero Availability, no capacity charges shall be payable. 

(iv) The requirements of Deemed Generation (DG) shall not be necessary for working out 

Availability as the energy charges shall be payable on ex-bus scheduled energy corresponding to 

scheduled generation. 

¶ Energy Charges:  

(i) Energy charges or variable charges shall be payable by every user on 

the scheduled energy irrespective of actual drawl. 

(ii) Energy charges shall be worked out in accordance with OERC 

Regulations / guidelines. 

¶ Unscheduled Interchange (UI) Charges 

(i) Variation between actual generation or actual drawl and scheduled generation or scheduled 

drawl shall be accounted for through Unscheduled Interchange (UI) charges. 

(ii) UI charges are payable by the users/suppliers for the deviations from the schedule and are 

dependent on the frequency prevailing at that point of time. 

(iii) UI for a generating station shall be equal to its actual generation minus its scheduled 

generation. 

(iv) UI for a user including open access customer shall be equal to its total actual drawl minus its 

total scheduled drawl. 

(v) The UI rates and threshold frequencies as determined from time to time by CERC in its Tariff 

Regulations shall apply to the users of the intra-state grid for each 15 minute block linked to 

frequency. 

(vi) The existing rates of UI as approved by CERC (and amended from time to time) and shown 

in the appended schedule shall apply to Intra- State ABT. 
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(vii) In respect of the following only UI charge component of the Intra- State ABT shall be 

applicable: 

 a) Users wheeling their captive power; 

 b) All consumers with captive/ co-generation with capacity of 5 MVA and above in  

 parallel operation with the GRID with a possibility to inject inadvertent power into 

 GRID. 

 

 

3.6 UNSCHEDULED INTERCHANGE (UI) CHARGES  REGULATIONS 

 (OPERATIONAL)  

The charges for the Unscheduled Interchanges for all the time-blocks shall be payable for over 

drawl by the buyer or the beneficiary and under injection by the generating station or the seller 

and receivable for under drawl by the buyer or the beneficiary and over-injection by the 

generating station or the seller and shall be worked out on the average frequency of a time-block 

at the rates specified in the Schedule A of these regulations as per the methodology specified in 

clause(2) of this regulation. 

  Provided that the charges for the Unscheduled Interchange for the generating 

stations using coal or lignite or gas supplied under Administered Price Mechanism (APM) as the 

fuel, when actual generation is higher or lower than the scheduled generation, shall not exceed 

the Cap Rate as specified in the Schedule A of these regulations as per the methodology 

specified in clause (3) of this regulation 

  Provided further that the Charges for the Unscheduled Interchange for the 

injection by a generating station other than the hydro generating station in excess of 105% of the 

Declared Capacity of the station in a time block or in excess of 101% of the average Declared 

Capacity over a day shall not exceed the charges for the Unscheduled Interchange corresponding 

to grid frequency interval of óbelow 50.02 Hz and not below 50.0 Hz. 
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  Provided also that the charges for the Unscheduled Interchange for the under 

drawls by the buyer or the beneficiaries in a time block in excess of 10% of the schedule or 250 

MW whichever is less, shall not exceed the Cap Rate as specified in the Schedule A of these 

regulations as per the methodology specified in clause (4) of this regulation. 

  Provided also that the charges for the Unscheduled Interchange for the injection 

by the seller in excess of 120% of the schedule subject to a limit of ex-bus generation 

corresponding to 105% of the Installed Capacity of the station in a time block or 101% of the 

Installed Capacity over a day shall not exceed the Cap Rate as specified in the Schedule A of 

these regulations as per the methodology specified in clause (5) of this regulation. 

  Provided also that the Charges for the Unscheduled Interchange for the injection 

by the seller in excess of ex-bus generation corresponding to 105% of the Installed Capacity of 

the station in a time block or 101% of the Installed Capacity over a day shall not exceed the 

charges for the Unscheduled Interchange corresponding to grid frequency interval of óbelow 

50.02 Hz and not below 50.0 Hz. 

(2) The Charge for Unscheduled Interchange shall be determined in accordance with the 

following methodology: 

(a) The Charge for Unscheduled Interchange shall be zero at grid frequency of 50.2 Hz and 

above. 

(b) The Charge for Unscheduled Interchange corresponding to grid frequency interval of óbelow 

50.02 Hz and not below 50.0 Hzô shall be based on the median value of the average energy 

charge of coal/lignite based generating stations for the six months period of August 2009 to 

January 2010 and suitably adjusted upward to decide on the UI price vector. 

(c) The UI Price Vector shall accordingly, be in steps for a frequency interval of 0.02 Hz 

between 50.2 Hz to 50.0 Hz. 

(d) The Charge for Unscheduled Interchange in grid frequency interval of óbelow 49.70 Hz and 

not below 49.68 Hzô shall be such that it provides sufficient incentive to the generating station 

based on coal including imported coal to support the grid after meeting fixed and energy charge. 
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(e) The UI Price Vector shall accordingly be in steps for a frequency interval of 0.02 Hz between 

50.0 Hz to 49.70 Hz. 

(f) The Charge for Unscheduled Interchange at grid frequency below 49.5 Hz shall be based on 

the highest of the average energy charges of generating stations for the six months period of 

August 2009 to January 2010 and suitably adjusted upward to decide on the UI price vector.  

(g) The UI Price Vector shall be in steps for a frequency interval of 0.02 Hz between 49.70 Hz to 

49.50 Hz corresponding to the Charge for Unscheduled Interchange in grid frequency interval of 

óbelow 49.70 Hz and not below 49.68 Hzô and Charge for Unscheduled Interchange in grid 

frequency interval of below 49.50 Hz. 

(3)  The Cap rate for the charges for the Unscheduled Interchange for the generating stations 

using coal or lignite or gas supplied under Administered Price Mechanism (APM) as the fuel 

shall be the same as the charges for the Unscheduled Interchange corresponding to grid 

frequency interval of óbelow 49.70 Hz and not below 49.68 Hzô as specified in Schedule ñAò of 

these Regulations. 

(4)  The Cap Rate for the Unscheduled Interchange for the under drawls by the buyer or the 

beneficiaries in excess of 10% of the schedule or 250 MW whichever is less shall be the same as 

the charges for the Unscheduled Interchange corresponding to grid frequency interval of óbelow 

49.70 Hz and not below 49.68 Hzô as specified in Schedule ñAò of these Regulations. 

(5)  The Cap Rate for the Unscheduled Interchange for the injection by the seller in excess of 

120% of the schedule subject to a limit of ex-bus generation corresponding to 105% of the 

Installed Capacity of the station in a time block or 101% of the Installed Capacity over a day 

shall be the same as the charges for the Unscheduled Interchange corresponding to grid 

frequency interval of óbelow 49.70 Hz and not below 49.68 Hzô as specified in Schedule ñAò of 

these Regulations. 

(6)  The Charge for Unscheduled Interchange at grid frequency of ó49.5 Hz and belowô, at 

grid frequency interval of óbelow 50.02 Hz and not below 50.0 Hzô and at grid frequency interval 

of óbelow 49.70 Hz and not below 49.68Hzô shall be re-notified every six months based on the 
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relevant escalation indices notified by the Commission under the Competitive bidding guidelines 

of Government of India and Schedule ñAò of these regulations shall be re-notified accordingly. 

3.6.1 Unscheduled Interchange Cap Rates 

(a) In terms of clauses (1) and (3) of Regulations 5, the UI Cap Rate shall be 403.0 Paise/kWh 

for all generating stations using coal or lignite or gas supplied under Administered Price 

Mechanism (APM) as the fuel, in case when actual generation is higher or lower than the 

scheduled generation. 

(b) In terms of clauses (1) and (4) of Regulations 5, the UI Cap Rate shall be 403.0 Paise/kWh 

for the under drawls by the buyer or the beneficiaries in excess of 10% of the schedule or 250 

MW whichever is less. 

(c) In terms of clauses (1) and (5) of Regulations 5, the UI Cap Rate shall be 403.0 Paise/kWh 

for the injection by the seller in excess of 120% of the schedule subject to a limit of ex-bus 

generation corresponding to 105% of the Installed Capacity of the station in a time block and 

101% of the Installed Capacity over a day. 

3.6.2 Additional Unscheduled Interchange Charges 

(a) In terms of clause (3a) of Regulation 7 , the Additional Unscheduled Interchange Charge for 

over-drawal of electricity for each time-block when grid frequency is below 49.5 Hz and up to 

49.2 Hz shall be equivalent to 40% of the Unscheduled Interchange Charge 873.0 Paise/kWh 

corresponding to the grid frequency of below 49.5 Hz. The Additional Unscheduled Interchange 

Charge for under-injection of electricity for each time-block when grid frequency is below 49.5 

Hz and up to 49.2 Hz shall be equivalent to 20% of the Unscheduled Interchange Charge of 

873.0 Paise/kWh corresponding to the grid frequency of below 49.5 Hz. 

   Provided that the Additional Unscheduled Interchange Charge for over-

drawal of electricity for each time-block when grid frequency is below 49.2 Hz shall be 

equivalent to 100% of the Unscheduled Interchange Charge 873.0 Paise/kWh corresponding to 

the grid frequency of below 49.5 Hz. The Additional Unscheduled Interchange Charge for under-

injection of electricity for each time-block when grid frequency is below 49.2 Hz shall be 
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equivalent to 40% of the Unscheduled Interchange Charge of 873.0 Paise/kWh corresponding to 

the grid frequency of below 49.5 Hz. 

(b) In terms of clause (3b) of Regulation 7, the Additional Unscheduled Interchange Charge for 

under-injection of electricity during the time-block when grid frequency is below 49.5 Hz and up 

to 49.2 Hz for the generating stations using coal or lignite or gas supplied under Administered 

Price Mechanism (APM) as the fuel shall be equivalent to 20% of the UI Cap Rate of 403.0 

Paise/kWh. 

   Provided that the Additional Unscheduled Interchange Charge for under 

injection of electricity during the time-block when grid frequency is below 49.2 Hz for the 

generating stations using coal or lignite or gas supplied under Administered Price Mechanism 

(APM) as the fuel shall be equivalent to 40% of the UI Cap Rate of 403.0 Paise/kWh. 

 
 
3.7 BENEFITS FOR INDEPENDENT POWER PLANTS ï 

3.7.1 FALL BACK MECHANISM FOR P.P.A.s  

Private companies are expected by the rugulatories to come forward and set up power plants in 

the country in a big way, to augment the generating capacity. One major concern of such private 

companies is what recourse would be available to them in case the State Government-owned or 

private entity, which signs the Power Purchase Agreement (P.P.A.) with them is subsequently 

not able to fulfill  its obligations. Only certain financial instruments ï revolving letters of credit, 

escrow accounts and State / Central Government guarantees ï have been talked about so far. 

While these can temporarily address the problem of non-payment by a P.P.A. signatory, they 

cannot handle the situation of recurrent default in payment of dues, or the purchaserôs inability / 

unwillingness to continue with P.P.A. provisions. 

The effective recourse in the above mentioned situation would be to enable the power plant 

owner to sell the power plantôs output to some other entity. For example, suppose an S.E.B. has 

contracted to buy 100% of the capacity of a power plant (of say 500 MW) for 20 years, but finds 

six years down the line that it can pay for only 60% of the plantôs capacity. The power plant 

should then be able to sell 40% of its capacity to an entity in a neighboring State. The original 
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PPA itself should provide for this, stipulating that the signatory SEB shall enable transmission, 

scheduling and energy accounting of such capacity, and shall compensate the power plant owner 

for any shortfall in revenue arising out of the SEBôs default. The scheduling, energy accounting 

and UI settlement mechanism required for the above is already in place at the inter-State level, 

but has to be kept going by the signatory SEB within the State. 

A further fall back mechanism is available through UI. In case of a default by the signatory SEB, 

and the power plant owner not being able to find another purchaser on workable terms, the 

uncovered capacity of the plant can be, and should be allowed to be injected into the State grid as 

UI. The SEB should be obliged to facilitate this, by arranging appropriate metering, energy 

accounting and regular payment of applicable UI charges to the power plant. If this is provided 

for in the P.P.A., and the State / Central Governments undertake to enforce UI payment to the 

power plant owner from the Stateôs UI pool account, there may not be any further need for 

escrow accounts and State / Central Government guarantees. Transmission system would 

generally not be a constraint, as it would already have been designed for absorbing the full 

output of the power plant. 

While UI mechanism is not intended for trading gains, merchant tariffs would remain driven by 

demand-supply dynamics and are expected to remain fairly remunerative till such time supply-

demand correction results in price declines. This is unlike in the past periods, which indicates 

that the weighted average traded price of electricity has moved in line with average UI price 

observed in NEW (Northern- Eastern-Western) Grid, apart from being influenced by the 

seasonal demand fluctuations seen particularly in summer & winter seasons.  

Thus, the Gencos with merchant capacity for sales are likely to benefit from the current changes. 

With the overall charges payable at 49.5 Hz at Rs. 15.8/unit (comprising congestion and UI 

charges), even relatively high-cost, liquid-fuel based generating stations (that is, state-owned and 

private-owned captive power plants - CPPs) in the over-drawing state entities can operate at full 

utilization level. This is unlike the past periods, when surplus power from CPPs was not tapped 

at optimum level essentially on account of high cost of power based on liquid fuel (although 

evacuation constraints and restrictive policies on third-party sale of power outside the state by 

some state governments also contributed to this state of affairs). While the UI cap rate for 

generating stations based on administered price mechanism (APM) gas and domestic coal/lignite 
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has been lowered marginally to Rs. 4.08/unit, their focus is expected to shift towards trading 

market for sales of surplus power available. 

3.7.2 MERCHANT POWER PLANTS  

Enterprising private companies can even set up power plants without bothering to tie-up PPAs 

for full plant capacity at the financial closure stage.  Depending on the prevailing situation, PPAs 

may subsequently be finalized, but not necessarily covering the entire plant capacity or expected 

life.  The uncovered plant capacity from time to time would then be available for short-term 

contracting, as per market conditions.  It would only have to be ensured that the transmission 

system, particularly in the plantôs vicinity, has the requisite capacity to absorb and disperse the 

entire output of the plant.  

      The uncovered / surplus plant capacity at any time can also be accepted in the State 

grid at the prevailing UI rate, which is the spot price.  There need be no apprehension about such 

merchant plant making disproportionate profits: both fixed and variable costs have to be 

recovered from the prevailing UI rate, which is capped by a regulator-specified ceiling rate and 

can never spike.  On the other hand, the country would continue to have peak-hour shortages for 

many years to come, and UI rates would continue to be sufficiently higher than the variable cost, 

to generate adequate revenue for fixed cost recovery. 

  Suppose a generating station is scheduled to give 100 MW of power to the state 

but the off-peak demand is only 90 MW in this case the generator has an option of either backing 

down on supply and save on energy charge anyhow by getting the actual payment required for 

scheduled generation. The other very attracting option is to trade the surplus 10 MW of power to 

a third party at a market determined rate without backing out the power supply. This option is 

most viable if the traded price is higher than the energy charge (mostly the case) which the 

generator would be getting because the generator is anyway paid for the capacity charge for the 

scheduled generation i.e. 100 MW. 

    Frequency variation is the very cause of damage to electrical equipments 

and indirectly to the mechanical equipments too. When frequency management is looked in to so 

deeply the damage to the equipments is also reduced drastically.  
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CHAPTER 4 

OPERATIONAL REGULATIONS AS PER INDIAN ELECTRICITY GRID 

CODE, 2010 

4.1 INTRODUCTION  

The Indian Electricity Grid Code (IEGC) is a regulation made by the Central Commission in 

exercise of powers under clause (h) of subsection (1) of Section 79 read with clause (g) of sub-

section (2) of Section 178 of the Act. The IEGC also lays down the rules, guidelines and 

standards to be followed by various persons and participants in the system to plan, develop, 

maintain and operate the power system, in the most secure, reliable, economic and efficient 

manner, while facilitating healthy competition in the generation and supply of electricity. 

   Section 5 of IEGC is the OPERATING CODE which regulates the 

operational activities of the entities connected to the grid. 

4.2 OPERATING PHILOSOPHY  

(a) The primary objective of integrated operation of the National/Regional grids is to enhance the 

overall operational reliability and economy of the entire electric power network spread over the 

geographical area of the interconnected system. Participant utilities shall cooperate with each 

other and adopt Good Utility Practice at all times for satisfactory and beneficial operation of the 

National/Regional grid. 

(b) Overall operation of the National / inter-regional grid shall be supervised from the National 

Load Dispatch Centre (NLDC). Operation of the Regional grid shall be supervised from the 

Regional Load Dispatch Centre (RLDC). The roles of NLDC, RLDC, RPC and SLDC shall be in 

accordance with the provisions made in Part-2 of the IEGC. 

(c) All persons shall comply with this Operating Code, for deriving maximum benefits from the 

integrated operation and for equitable sharing of obligations. 

(d) All licensees, generating company, generating station and any other person connected with 

the operation power system shall comply with the directions issued by the respective RLDC 
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/SLDC to ensure integrated grid operation and for achieving the maximum economy and 

efficiency in the operation of the power system. 

(e) A set of detailed operating procedures for the National grid shall be developed and 

maintained by the NLDC in consultation with the RLDCs, for guidance of the staff of the NLDC 

and it shall be consistent with IEGC to enable compliance with the requirement of this IEGC. 

(f) A set of detailed operating procedures for each regional grid shall be developed and 

maintained by the respective RLDC in consultation with the regional entities for guidance of the 

staff of RLDC and shall be consistent with IEGC to enable compliance with the requirement of 

this IEGC. 

(g) A set of detailed operating procedures for each state grid shall be developed and maintained 

by the respective SLDC in consultation with the concerned persons for guidance of the staff of 

SLDC and shall be consistent with IEGC to facilitate compliance with the requirement of this 

IEGC. 

(h) The control rooms of the NLDC, RLDC, all SLDCs, power plants, substation of 132 kV and 

above, and any other control centers of all regional entities shall be manned round the clock by 

qualified and adequately trained personnel. Training requirements may be notified by the 

Commission from time to time, by orders. 

Section 5.2 of IEGC is focused on the operation of generating stations. This section is named as 

SYSTEM SECURITY ASPECTS with following regulations 

(a) All Users, CTU and STUs shall endeavor to operate their respective power systems and 

power stations in an integrated manner at all times 

(b) No part of the grid shall be deliberately isolated from the rest of the National/Regional grid, 

except  

 (i) Under an emergency, and conditions in which such isolation would prevent a total 

 grid collapse and/or would enable early restoration of power supply, 

 (ii) For safety of human life  
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 (iii) When serious damage to a costly equipment is imminent and such isolation would 

 prevent it,  

 (iv) When such isolation is specifically instructed by RLDC. Complete synchronization 

 of grid shall be restored as soon as the conditions again permit it. The restoration process 

 shall be supervised by RLDC, in co-ordination with NLDC /SLDC in accordance with 

 operating procedures separately formulated NLDC/RLDC. 

(c) No important element of the National/Regional grid shall be deliberately opened or removed 

from service at any time, except when specifically instructed by RLDC or with specific and prior 

clearance of RLDC. The list of such important grid elements on which the above stipulations 

apply shall be prepared by the RLDC in consultation with the concerned Users, CTU and STUs, 

and be available at the websites of NLDC/RLDC/SLDCs. In case of opening/removal of any 

important element of the grid under an emergency situation, the same shall be communicated to 

RLDC at the earliest possible time after the event. RLDC shall inform the opening/removal of 

the important elements of the regional grid, to NLDC, and to the concerned Regional Entities 

(whose grid would be affected by it) as specified in the detailed operating procedure by NLDC. 

(d) Any tripping, whether manual or automatic, of any of the above elements of Regional grid 

shall be precisely intimated by the concerned SLDC/CTU/User to RLDC as soon as possible, say 

within ten minutes of the event. The reason (to the extent determined) and the likely time of 

restoration shall also be intimated. All reasonable attempts shall be made for the elements 

restoration as soon as possible. RLDC shall inform the tripping of the important elements of the 

regional grid, to NLDC, and to the concerned Regional Entities (whose grid would be affected 

by it) as specified in the detailed operating procedure by NLDC. 

(e) Any prolonged outage of power system elements of any User/CTU/STU, which is causing or 

likely to cause danger to the grid or sub-optimal operation of the grid shall regularly be 

monitored by RLDC. RLDC shall report such outages to RPC. RPC shall finalise action plan and 

give instructions to restore such elements in a specified time period. 

IEGC also regulates the governing action of the thermal power plant  
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4.3 GOVERNOR ACTION  

(i) Following Thermal and hydro (except those with upto three hours pondage) generating units 

shall be operated under restricted governor mode of operation with effect from the date given 

below: 

 (a) Thermal generating units of 200 MW and above, 

  (1) Software based Electro Hydraulic Governor (EHG) system: 01.08.2010 

  (2) Hardware based EHG system 01.08.2010 

 (b) Hydro units of 10 MW and above 01.08.2010 

(ii) The restricted governor mode of operation shall essentially have the following features: 

 (a) There should not be any reduction in generation in case of improvement in grid 

 frequency below 50.2 Hz. (for example if grid frequency changes from 49.3 to 49.4 Hz 

 then there shall not be any reduction in generation). 

 Whereas for any fall in grid frequency, generation from the unit should increase by 5% 

 limited to 105 % of the MCR of the unit subject to machine capability. 

 (b) Ripple filter of +/- 0.03 Hz. shall be provided so that small changes in frequency are 

 ignored for load correction, in order to prevent governor hunting. 

 (c) If any of these generating units is required to be operated without its governor in 

 operation as specified above, the RLDC shall be immediately advised about the reason 

 and duration of such operation. All governors shall have a droop setting of between 3% 

 and 6%. 

 (d) After stablisation of frequency around 50 Hz, the CERC may review the above 

 provision regarding the restricted governor mode of operation and free governor mode of 

 operation may be introduced. 

(iii)All other generating units including the pondage upto 3 hours Gas turbine/Combined  Cycle 

Power Plants, wind and solar generators and Nuclear Power Stations shall be  exempted 

from Sections 5.2 (f) ,5.2 (g), 5.2 (h) and ,5.2(i) till the Commission reviews the  situation. 

(iv) Facilities available with/in load limiters, Automatic Turbine Run up System (ATRS), 

Turbine supervisory control, coordinated control system, etc., shall not be used to suppress the 

normal governor action in any manner and no dead bands and/or time delays shall be deliberately 

introduced except as specified in para 5.2(f) above. 
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(v) All thermal generating units of 200 MW and above and all hydro units of 10 MW and above 

operating at or up to 100% of their Maximum Continuous Rating (MCR) shall normally be 

capable of (and shall not in any way be prevented from) instantaneously picking up to 105% and 

110% of their MCR , respectively, when frequency falls suddenly. After an increase in 

generation as above, a generating unit may ramp back to the original level at a rate of about one 

percent (1%) per minute, in case continued operation at the increased level is not sustainable. 

Any generating unit not complying with the above requirements, shall be kept in operation 

(synchronized with the Regional grid) only after obtaining the permission of RLDC. 

(vi) The recommended rate for changing the governor setting, i.e., supplementary control for 

increasing or decreasing the output (generation level) for all generating units, irrespective of their 

type and size, would be one (1.0) per cent per minute or as per manufacturerôs limits. However, 

if frequency falls below 49.7Hz, all partly loaded generating units shall pick up additional load at 

a faster rate, according to their capability. 

(vii ) Except under an emergency, or to prevent an imminent damage to a costly equipment, no 

User shall suddenly reduce his generating unit output by more than one hundred (100) MW ( 20 

MW in case of NER) without prior intimation to and consent of the 

RLDC, particularly when frequency is falling or is below 49.5 Hz.. Similarly, no User / SEB 

shall cause a sudden variation in its load by more than one hundred (100 MW) without prior 

intimation to and consent of the RLDC. 

(viii ) All generating units shall normally have their automatic voltage regulators (AVRs) in 

operation. In particular, if a generating unit of over fifty (50) MW size is required to be operated 

without its AVR in service, the RLDC shall be immediately intimated about the reason and 

duration, and its permission obtained. Power System Stabilizers (PSS) in AVRs of generating 

units (wherever provided), shall be got properly tuned by the respective generating unit owner as 

per a plan prepared for the purpose by the CTU/RPC from time to time. CTU /RPC will be 

allowed to carry out checking of PSS and further tuning it, wherever considered necessary. 

(ix) Provision of protections and relay settings shall be coordinated periodically throughout the 

Regional grid, as per a plan to be separately finalized by the Protection sub-Committee of the 

RPC. 

(x) All Users, SEB,, SLDCs , RLDCs, and NLDC shall take all possible measures to ensure that 

the grid frequency always remains within the 49.5 ï50.2 Hz band. 
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(xi) All SEBS, distribution licensees / STUs shall provide automatic under-frequency and df/dt 

relays for load shedding in their respective systems, to arrest frequency decline that could result 

in a collapse/disintegration of the grid, as per the plan separately finalized by the concerned RPC 

and shall ensure its effective application to prevent cascade tripping of generating units in case of 

any contingency. All SEBs, distribution licensees, CTU STUs and SLDCs shall ensure that the 

above under-frequency and df/dt load shedding/islanding schemes are always functional. 

RLDC shall inform RPC Secretariat about instances when the desired load relief is not obtained 

through these relays in real time operation. The provisions regarding under frequency and df/dt 

relays of relevant CEA Regulations shall be complied with. SLDC shall furnish monthly report 

of UFR and df/dt relay operation in their respective system to the respective RPC. RPC 

Secretariat shall carry out periodic inspection of the under frequency relays and maintain proper 

records of the inspection. RPC shall decide and intimate the action required by SEB, distribution 

licensee and STUs to get required load relief from Under Frequency and Df/Dt relays. All SEB, 

distribution licensee and STUs shall abide by these decisions. RLDC shall keep a comparative 

record of expected load relief and actual load relief obtained in Real time system operation. A 

monthly report on expected load relief vis-a-vis actual load relief shall be sent to the RPC and 

the CERC. 

(xii ) All Users, STU/SLDC , CTU/RLDC and NLDC, shall also facilitate identification, 

installation and commissioning of System Protection Schemes (SPS) (including inter-tripping 

and run-back) in the power system to operate the transmission system closer to their limits and to 

protect against situations such as voltage collapse and cascade tripping, tripping of important 

corridors/flow-gates etc.. Such schemes would be finalized by the concerned RPC forum, and 

shall always be kept in service. If any SPS is to be taken out of service, permission of RLDC 

shall be obtained indicating reason and duration of anticipated outage from service. 

(xiii ) Procedures shall be developed to recover from partial/total collapse of the grid in 

accordance with CEA (Grid Standards) Regulations as and when the same comes into force and 

periodically update the same in accordance with the requirements given under section 5.8. These 

procedures shall be followed by all the Users, STU/SLDC and CTU, RLDC to ensure consistent, 

reliable and quick restoration. 

(xiv) Each User, STU, RLDC, NLDC and CTU shall provide and maintain adequate and reliable 

communication facility internally and with other Users/STUs /RLDC/SLDC to ensure exchange 
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of data/information necessary to maintain reliability and security of the grid. Wherever possible, 

redundancy and alternate path shall be maintained for communication along important routes, 

e.g., SLDC to RLDC to NLDC. 

(xv) All the Users, STU/SLDC and CTU shall send information/data including disturbance 

recorder/sequential event recorder output to RLDC within one week for purpose of analysis of 

any grid disturbance/event. No User, SLDC/STU or CTU shall block any data/information 

required by the RLDC and RPC for maintaining reliability and security of the grid and for 

analysis of an event. 

(xvi) All Users, RLDC, SLDC STUs, CTU and NLDC shall take all possible measures to ensure 

that the grid voltage always remains within the following operating range. 

4.4 OPERATION UNDER FGMO (FIXED GOVERNOR MODE OF OPERATION)  

¶ INTRODUCTION  

The developing countries have sustained power shortage problems compared to developed 

countries for many reasons, mostly financial in nature. The developed countries have to address 

the power deficient areas occasionally. The research literature on operation of generation 

deficient power system is scanty. The problems faced by developing countries are fundamentally 

of different nature. The developing countries have to search for alternatives to suit their 

requirement. The deficient systems have typical features like frequency deviations, abrupt arising 

of deficiencies of power, low voltages and lack of coordination among the constituents under a 

region due to indiscipline. In India speed governors have been prevented from responding by the 

utilities, with dead band configuring from 47.5 Hz to 51.5 Hz. Emergency unloading of a unit is 

available only when frequency reaches 51.5 Hz. As a consequence excursions in frequency are 

common up to 1 Hz in a time block of 15 minutes. For the sake of better control efforts are being 

made to enable the frequency governors to respond to entire range of frequency. This is called 

free governor mode of operation (FGMO). 
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  ñIn the present scenario of deficit, it is not desirable to have any frequency 

response from generators by reducing generation when frequency is rising towards 50 HZ from 

a lower level. Reduction of generation would be necessary when frequency is already above 50 

Hz and tends to rise further. Therefore, suitable control logic would have to be developed to limit 

the governor response to situations when frequency is rising and the grid frequency is below 50 

Hz. Such a situation could be called a restricted governor mode operation and not total RGMO. 

However, this does not exempt the generators from getting the free governor mode into 

operational state for use when required.ò 

    -CERC, 20/08/09 

The Governor is an important controller in the power plant as it regulates the turbine speed, 

power and participates in the grid frequency regulation. It is the main operator interface 

a) To start the turbine from still condition, 

b) To vary the load on the turbo-generator when it is on bars (Synchronized) and 

c) To protect the turbine from damages in the cases of any unsafe operating conditions. 

The steady state and dynamic response behavior of the turbine is influenced mainly by the 

characteristics of the Governing system. 

4.5 NEED OF GOVERNING SYSTEM 

The load on the turbo-generator does not remain constant but vary as per the consumer (Grid) 

demand requirements. The presence of a perpetual mismatch between the generation and the 

demand in a larger network results into variations in frequency and necessitates a continuous 

adjustment of generation at the turbo-generators. If not, the speed / frequency will be oscillating 

which is an indication of poor power quality. A state of unchanging system frequency and zero 

acceleration indicates that the generation meets the system demand. 

The governing system provides for this regulation /adjustment, when the turbo-generator is on 

bars, by controlling the steam inflow to the turbine. The regulation is envisaged by various 

control logics and by operating the control valves in the turbine. Stop valves provided in the 

governing system protect the turbine in case of unsafe conditions by blocking the steam flow into 

the turbine. 
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FIG 3 - Generation system components 

4.6 HOW GOVERNING SYSTEM WORKS  

The Speed / Power of the steam turbine are controlled by varying the steam flow to the turbine, 

which in turn is varied by manipulating the control valve lift. The control valve is operated by a 

servomotor driven by a hydraulic signal. The governing system is a closed loop control system 

which processes speed error, power error and pressure error to operate the steam control valves. 

In a Mechanical Hydraulic governing system, mechanical speed sensors viz., fly balls and 

hydraulic speed transmitters to sense the speed and hydraulic servomotors and hydraulic 

amplifiers to drive the final control elements (i.e.) control valves are employed. 

In an Electro Hydraulic governing system, Halls probe or pulse generators to sense the speed, 

various logics and control circuits to process the error and electro hydraulic converters / 

amplifiers and a hydraulic actuator to drive the control valves are used. 
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FIG 4 - Basic elements of a governing system 

 
 

 
FIG 5 ï Hydraulic governing scheme 

 
4.7 DROOP OR REGULATION  

Droop can be defined as the percentage change in speed for a change in load. Whenever there is 

a mismatch in power, speed changes. As mentioned earlier, the governing system senses this 

speed change and adjusts valve opening which in turn changes power output. This action stops 

once the power mismatch is made zero. But the speed error remains. What should be the change 

in power output for a change in speed is decided by the óregulationô. If 4% change in speed 

causes 100% change in power output, then the regulation is said to be 4 % (in per unit 0.04). 
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The regulation can be expressed in the form of power ï frequency characteristic as shown in 

Figure-2.4. At 100 % load the generation is also 100 %, frequency (or speed) is also 100%. 

When load reduces frequenc increases, as generation remains the same. When load reduces by 50 

%, frequency increases by 2 %, in the characteristic shown. When load reduces by 100 %, 

frequency increases by 4 %. In other words 4 % rise in frequency should reduce power 

generation by 100 %. This  4 % is called ódroopô of 4 %. The characteristic is of ódroopingô type. 

Droop or regulation is an important parameter in the frequency regulation. In thermal power 

plants droop value is generally 4 % to 5 %. The sensitivity of the governor for a given change in 

load varies inversely with the percentage droop. The droop of the hydro turbines will be around 2 

to 3% where as that of the steam turbines will be 4 to 5%. 

 

 

 

 
 

FIG 6 - Droop characteristics of a governor 
 

 



41 
 

 
FIG 7 - Droop characteristics 

 

 

FIG 8 - Governing Operation - Primary and Secondary Response 

 

Consider that a unit is delivering a power óPô at a frequency of óNô Hz denoted by the operating 

point óAô. Let us assume that due to some reasons, the frequency dips to óNBô. Now because of 
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the droop characteristics of the governor, the operating point of the generator will move to óBô 

and the generation will increase from óPô to óPBô. This response of the governor is called the 

primary response as discussed earlier. The operator subsequently will try to restore the 

generation to the original value óPô, the new operating point of the set will be óCô and the 

frequency will drop further to óNCô. This response of the operator is called the secondary 

response. A secondary response of 1% of the capacity per minute of the set is prescribed by the 

Load Despatch Center. If no corrective action has been initiated by the Grid Managers by way of 

tripping out excess demand, then the frequency will settle at óNCô. If the generator is at a higher 

load denoted by the point óFô and its load limiter is set at óPLô, the rise in generation along the 

droop line will be limited to only óPLô and the operating point will only be óLô, whatever be the 

dip in frequency. As the generation does not compensate the additional load, the frequency will 

further drop to NH. The load limiter action is a classic example of restricting the FGMO. On the 

other hand, if any of the feeders tripped, then the frequency will rise to óNDô and the primary 

response governing action will reduce the load to óPDô. The new operating point of the set now 

will be D. If the frequency is within the operating range, the operator will bring the unit to the 

point E and the frequency will further rise to óNEô. The effect of further increasing the 

generation under high frequency conditions will only raise the frequency and several procedures 

like Availability Based Tariff, Guidelines for Unscheduled Interchanges etc., have been laid 

down by the regulatory commissions in this regard. 

 
 
4.8 FREQUENCY CONTROL BY FGMO  

Frequency control requires provision of primary regulation and supplementary regulation as 

basic requirement. Primary regulation is provided through speed governors which respond to 

frequency changes by varying turbine outputs. Keeping governors free to operate in the entire 

frequency range enables smooth control of frequency fluctuations as well as security against grid 

disturbances. In India, due to wide range of frequency fluctuations, speed governors were 

prevented from responding by the utilities with dead band configuring from47.5 Hz to 51.50 Hz 

with emergency unloading available only when frequency goes above 51.50 Hz. Efforts have 

been made to enable speed governors responding in the entire frequency range which has come 

to be known as free governor mode of operation (FGMO). 
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The introduction of Availability Based Tariff (ABT) though stabilized frequency in a narrower 

band, the rapid fluctuations continued to occur with frequency excursions of 0.5 Hz over a period 

of 10 minutes and frequency shooting up to 51 Hz and above when sudden bulk load shedding or 

maximization of generation takes place before evening peak hours. Dipping of frequency takes 

place during onset of peak loads or unit tripping. Such frequency fluctuations during normal 

operation in the grid leads to complex counter actions by the control center operators at regional 

and state level. Further, the fluctuating frequency even in an interval of 15 minutes does not give 

out clear signals to operators to plan generation changes, load shedding or to draw/inject 

Unscheduled Interchange (UI) power responding to signals generated by the commercial 

mechanism (ABT). Under ABT mechanism, frequency is allowed to float between 49 Hz and 

50.5 Hz and drawing / injection of UI power is permitted in this frequency range. However, 

fluctuating frequency masks the frequency based ABT signals. 

In most of the grid disturbances over the last few years, Southern regional grid used to split into 

four parts in the post fault scenario due to tripping of various lines in the South-West-East-North 

regional corridor due to power swings. The Eastern part used to have surplus of generation over 

load resulting in frequency shooting up to 52 Hz and above leading to tripping of several 

generating units on high frequency. Another pattern observed was isolation of Tamilnadu grid 

from the Southern part followed by severe frequency decay and under frequency load shedding 

through df/dt relays which brings up frequency above 52 Hz once again leading to tripping of 

some generators on high frequency. After interconnecting with WR and ER grids also, similar 

pattern continued in the post fault scenario with tripping of generating units on high frequency. 

With implementation of free governor mode of operation on generating units, tripping on high 

frequency could be avoided during grid disturbances as load generation balance can be attained 

at a faster rate. Even during normal operation, tripping of a 500 MW unit leads to frequency drop 

of around one hertz due to low system stiffness as the frequency has to be controlled only by 

load damping effect in the first 20-seconds after the tripping. FGMO would increase system 

stiffness significantly and avoid large frequency dips in the event of unit tripping. 

For example, 10000MW generation on FGMO with 5% droop in Central grid would increase 

system stiffness by 2000 MW per hertz. Consider a system of 10000 MW at 50 Hz. Assume a 

droop of 5% for the entire grid system. 
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Case-1 

If due to some reasons, a generator of 200 MW trips and no unit is under FGMO, the dip in 

frequency will be 

50 X 200/10000 = 1 Hz. 

Case-2 

If FGMO is available only for 5000 MW due to disabling of the governing action in other sets, 

then the frequency drop will be 

50 X (200/5000) X 5/100 = 0.1 Hz. 

Case-3 

If FGMO is available for all the 10000 MW, the dip in frequency will be 

50 X (200/10000) X 5/100 = 0.05 Hz only. 

 

From the above examples, it is clear that, more the constituent units are under FGMO more is the 

stability 2010 IEEE International Conference on Computational Intelligence and Computing 

Research of the Grid. 
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4.9 SCHEDULING AND DESPATCH CODE  

 
This code of IEGC deals with the procedures to be adopted for scheduling of the net injection / 

drawals of concerned regional entities on a day ahead basis with the modality of the flow of 

information between the NLDC / RLDCs / SLDCs/Power Exchange and regional entities. The 

procedure for submission of capability declaration by each ISGS and submission of requisition / 

drawal schedule by other regional entities is intended to enable RLDCs to prepare the dispatch 

schedule for each ISGS and drawal schedule for each regional entity. It also provides 

methodology of issuing real time dispatch /drawal instructions and rescheduling, if required, to 

regional entities along with the commercial arrangement for the deviations from schedules, as 

well as, mechanism for reactive power pricing. 

 

4.9.1 IMPORTANCE FOR  POWER GENERATING STATIONS  

The main economic factor in power system planning, operation and control is the cost of 

generating real power. The size of electric power system is increasing rapidly to meet the energy 

requirements. A number of power plants are connected in parallel to supply the system load by 

interconnection of power stations. With the development of grid system, it becomes necessary to 

operate the plant unit most economically. The economic generation scheduling problem involves 

two separate steps namely the unit commitment and the on-line economic dispatch. The function 

of the on-line economic dispatch is to distribute the load among the generating units actually 

paralleled with the system in such a manner as to minimize the total cost of supplying the minute 

to minute requirements of the system and satisfying load and operating constraints. Thus, 

economic load dispatch problem is the solution of a large number of load flow problems and 

choosing the one which is optimal in the sense that it needs minimum cost of electric power 

generation. 

To calculate electric power generation of various units with different load demands, the usual 

Classical (Kirchmayer) method is used. These are generally solved by iterating the value of until 

the some of the generator outputs equals the system demand plus transmission losses. The 

incremental transmission losses are calculated using transmission loss coefficient called B co-

efficient approach. As early as the mid 1930s economic dispatch of real power not considering 

the transmission losses was being performed. By the mid 1940ôs analysis techniques were 
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sufficiently developed so that transmission losses could be taken into account. By the mid-1950s 

number of digital dispatch systems was available to the industry. Economic dispatch programs 

which are installed today in the most modern control centers uses the classical methods to solve a 

well-known exact co-ordination equations. The main difference between different techniques is 

the method used to solve the co-ordinations equations. The co-ordination equations are generally 

solved by interactively adjusting the load until the sum of the generator output matches the 

system load, pulse system loss. The transmission loss penalty factor have been implemented 

using one of the several loss formulas which are calculated off-line or on-line at periodic internal 

and on request. In recent years, AI applications have received increasing attention in various 

areas of power systems such as operation, planning and control. A number of research articles 

appeared recently indicate applicability of AI techniques to power system for wider operating 

conditions under uncertainties. Artificial neural networks have attracted much attention due to 

their computational speed and robustness. A major advantage of the artificial neural network 

approach is that the domain knowledge is distributed in the neurons and information processing 

is carried out in a parallel distributed manner. Therefore, artificial neural network reaches the 

desired solution rather efficiently. 

4.9.2 Problem Formulation 

To determine the economic distribution of load between the various units consisting of a turbine, 

generator, and stem supply, the variable operating costs of the unit must be expressed in terms of 

the power output. The variation of fuel cost of each generator with active power output PGi is 

given by a quadratic polynomial. 

 

╕░ ╪░╟╖░ ╫░╟░ ╒░     Rs / hr      (1) 
  

 i=1,2,éé..N 

 

Where ὥ is a measure of losses in the system, ὦ is the fuel cost and ὧ is the salary and wages, 

interest and depreciation. The optimal dispatches for the thermal power plants should be such 

that the load demands plus line losses, which can be written as: 

 

В ὖ ὖ ὖ π        (2) 
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Where, 

N= Total number of generating plants. 

PGi= Generation of ith plant. 

PL= Total system transmission loss. 

PD= System load demand 

The transmission losses which occur in the line when power is transferred from the generating 

station to the load centers increases in distance between the two. The transmission losses may 

vary from 5 to 13 % of the total load. If the power factor of load at each bus is assumed to 

remain constant the system loss PL can be shown to be a function of active power generation at 

each plants i.e. 

╟╛ = (╟╖ ȟ╟╖ȟ  ╟╖,..éé..╟╖╝)       (3)  

 

One of the most important, simple but approximate method of expressing transmission loss as a 

function of generator power is through B- Coefficients as, 

 

ὖ ὖ ὄὖ  

Where- 

ὖ Ǫ ὖ   are real power generation at ith and jth power unit. Bij is loss coefficients. 

The inequality constraints is given by 

PGmin  Ò  PGi  Ò  PGmax 

The maximum active power generation PGMax of source is limited by thermal consideration and 

minimum active power generation PGMin is limited by the flame instability of a boiler. 

4.9.3 METHODOLOLGY  

The objective of optimum generation scheduling for thermal power plants is to allocate the 

generation to each and every units in a plant for a given load such that fuel cost is minimum 
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subjected to equal and inequality constraints. Here, optimum generation scheduling is achieved 

by two techniques. The methods are presented below. 

 

¶ Artificial Neural Network Method  

Artifi cial neural network based method is applied to the optimum generation scheduling 

problem. A multilayer feed forward neural network is selected. A neural network is constructed 

with one input layer, one hidden layer and one output layer. The input to the neural net contains 

load demand. The output from the network is generation of each generator. In the training 

process, load demand and active power generation which is input output patterns Training set are 

selected from data base to determine the weights for the neural network. The well known back 

propagation algorithm and the sigmoid transfer function are used in the model. Once the network 

trained, the network parameters (weights and bias terms) were kept fixed. The convergence 

criteria used for training is to have a tolerance and epochs. Once the network has been trained, 

the accuracy of the neural network can be evaluated by testing the neural network with another 

set of input-output data (testing set). To speed up the convergence, momentum and learning rate 

are selected. Selected input-output patterns are normalized between 0 and 1 to avoid the 

convergence. Since the variables, input to and outputs from ANN have very different ranges, the 

use of original data to the network will cause a convergence problem. The absolute percentage 

error (APE) of the generation scheduling is given below. 

 

APE = 
 

×100 

 

 

 

 

 

The mean percentage error (MAPE) is computed by, 

MAPE = 
╝
В ═╟╔╝
░  

where N = Number of loads. 
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¶ Classical Method-  

This is an iterative and an accurate method to determine output of generator. An algorithm for 

obtaining real power generation and fuel cost are iteratively solved on the following steps for a 

particular load demand. 

1. Initially chose ⱦ  ⱦ0 

2. Assume PGi = 0.0, 

3. Solve below equation iteratively for PGôs 

 

 

PGi = 

╫░
ⱦ
 ɀ В ║░▒╟╖▒

╝
▒
▒

╪

ⱦ
║░▒

 

4. Calculate the power loss using 

 

 

ὖ ὖ ὄὖ  

5. Check if power balance equation  is satisfied 

 

ὖ ὖ ὖ   ‐ 

 

If yes, stop otherwise go to step no. 6 

6. Increase ɚ by ɚ if 

 

 

ὖ ὖ ὖ   π 

 

Otherwise decrease by Ў‗ 
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if   

ὖ ὖ ὖ   π 

repeat the steps from 3. 

 

Three layer feed forward ANN is used to optimize generation scheduling. ANN is trained 

and tested with back propagation algorithm. The equality and inequality constraints are 

considered while optimizing generation scheduling. The constant B- Coefficients are 

used to find the transmission loss. The B- Coefficient method is simple and less time 

consuming method to find transmission loss when compared to load flow technique. The 

method is tested with six thermal power plants. Results are accurate and encouraging. 
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CHAPTER 5 

STANDARDS OF PERFORMANCE AS PER CERC FOR TARIFF 

DETERMINATION  

5.1 INTRODUCTION  

The tariff policy provides that ñSuitable performance norms of operations together with 

incentives and dis-incentives would need be evolved along with appropriate arrangement for 

sharing the gain of efficient operations with the consumersò. It also provides that ñIn cases 

where operations have been much below the norms for many previous years the initial starting 

point in determining the revenue requirements and the improvement trajectories should be 

recognized at ñrelaxedò levels and not the ñdesiredò levelsò. 

With the entry of private sector in power generation, the States started entering into Power 

Purchase Agreements (PPAs) with the Independent Power Producers (IPPs). With a view to 

maintain uniformity regarding operational parameters in the PPAs and also to guide the States in 

this regard, comprehensive financial and operation norms were notified by the Government of 

India (GOI) in March, 1992. The operation norms prescribed by this notification were as under- 

 

PARAMETER UNIT/STATION NORMATIVE 

VALUE 

REMARKS 

UNIT HEAT RATE ALL COAL FIRED UNITS 
DURING STABILIZATION 

PERIOD 

SUBSEQUENT PERIOD 

2600 kcal/kWh 

2500 kcal/kWh 

To be reduced by 

40 k Cal/kWh for 500 

MW units With 

electrically operated 

boiler feed pumps 

SECONDARY FUEL 

OIL 

CONSUMPTION 

ALL COAL FIRED UNITS 
DURING STABILIZATION 

PERIOD 

SUBSEQUENT PERIOD 

5 ml/kWh 

3.5 ml/kWh 

 

AUXIL IARY 

ENERGY 

CONSUMPTION 

200 MW SERIES 
WITH COOLING TOWER 

WITHOUT COOLING TOWER 

9.5% 

9% 

9.5% & 9 % 

for motor driven BFPs 

500 MW SERIES 
WITH COOLING TOWER 

WITHOUT COOLING TOWER 

8% 

7.5% 
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5.2 SHR IMPROVEMENT  

 

The heat rate of a conventional fossil-fueled power plant is a measure of how efficiently it 

converts the chemical energy contained in the fuel into electrical energy. This conversion is 

accomplished in four major steps. First, the chemical energy in the fuel is converted into thermal 

energy, then the thermal energy is converted into kinetic energy, then the kinetic energy is 

converted in mechanical energy, and finally the mechanical energy is converted to electrical 

energy. In each of these sub-processes, some energy is lost to the environment. Some of the fuel 

is not burnt completely, some of the thermal energy is lost out of the stack and rejected to the 

cooling water, some of the kinetic and mechanical energy produces heat instead of electricity, 

and lastly some of the electricity that is produced is used by these sub-processes. The heat rate of 

a power plant is the amount of chemical energy that must be supplied to produce one unit of 

electrical energy. If a power plant converted 100% of the chemical energy in the fuel into 

electricity, the plant would have a heat rate of 860 kcal/kWh. Alternatively, the required input 

divided by the actual output, is the reciprocal of the efficiency. Chemical energy is usually 

measured in kilocalories (kcal) (or sometimes kilojoules, kJ) and electrical energy is usually 

measured in kilowatt-hours (kWh), the unit of heat rate is normally kcal/kWh (or kJ/kWh). 

Key points for improving Heat Rate:- 

¶ Heat rate improvements are possible at any plant, and at many plants the improvement 

can easily be in the range of 1-2 percentage points. 

 

¶ Heat rate improvement programme could be started, concentrating on one or two areas, 

(i.e. condenser performance and/or burner balancing) or by concentrating on one or two 

activities (i.e. monitoring primary process indicators, testing, etc.) 

 

¶ Heat rate improvement must have the full support of the plant management. 

 

¶ Improvements do not ñjust happenò, there must be a concerted effort made just to 

maintain current status, and even more effort expended to make improvements. Each 

plant should have a detailed plan listing specific activities that are to be carried out to 
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make improvements, and the plant must be reviewed periodically to ensure that the plan 

is being carried out. 

 

¶ Heat rate improvement is a continuing process. It must become part of the normal work 

activities, it must be considered along with, and at par with, reliability, safety, 

environmental concern, etc., when operating the unit, scheduling maintenance, and all 

other routine activities. 

 

¶ The responsibility of heat rate improvement cannot be assigned to one individual or 

organization but requires the active involvement of the all plant staff. 

The following figure shows the SHR trend corresponding to unit 1, 2 & 3 for the month starting 

from Januaryô13 to Mayô13. The trend shows a large deviation in the  SHR. 

 

FIG ï SHR analysis of unit 1,2 & 3 for the month from Jan to May 13 
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5.2.1 Analysis of parameters of SHR 

The analysis of various parameters which constitutes or affects the SHR of the plant for the 

period of January to Mayô13. 

 

 
 

 

FIG ï Different parameters involved in SHR 

These parameters showed following problems associated with irregular/high SHR trend- 

¶ The deviation of SH Spray from design value to actual value is very high and consistent. 

¶ The deviation of RH Spray from design value to actual value is very high and 

consistent. 
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5.4 Auxiliary Power Consumption Reduction 

 
The following figure shows trend of auxiliary power consumption of unit 1, 2 & 3 for the period 

of Janô13 to Mayô13. 

 

  

 
         

FIG ï APC trend of the unit 1,2 & 3 for the month from Jan to May 13 

 

5.4.1 INITIATIVES F OR REDUCTION 

Initiative for Auxiliary power consumption(APC) reduction  

S.NO Area 
Opportunities 

Identified  
                                       Actions Taken 

Power Saving 

(MWH/Year)  

1 BTG ID fan optimization 

APH Seal replacement, FF replacement,  Pent 

House modification, Peep holes gasket 

replacement 

6036 

2 BTG PA fan optimization 

Mills hot air gate replacement, APH seal 

replacement, Arrested leakage in PA duct and in 

mills 

4829 

9.67

8.36
8.07

8.59

7.6
8.17 8.01 8.11 8.19

8.46
8.19

8.57

7.91 8.07 8.28

0

2

4

6

8

10

12

Jan'13 Feb'13 Mar'13 Apr'13 May'13

APC trend (%) for unit1,2&3

Unit1 unit2 unit3
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3 BTG 
Stopping one seal air 

fan 

Mill feeders sealing replacement, Mills seal air 

hollow roller gland replaced,IGV setting done, 

leakage arrested 

1980 

4 BTG 
Mills optimization  on 

part loads Stopping 2 mills on part load 
1107 

5 BTG 
Stopping one CWP at 

part loads 

Running one CWP up to 520 MW depending on 

Vacuum 
1584 

6 BTG 
Vacuum pump 

optimization Stopping 1 Vacuum pumps on part load 
871 

7 AHP Stopping 2 compressors  Reduction of Conveying Air Pressure  by 

replacing with PIP 
5069 

8 AHP 
Geho pump running 

hour reduction 
Increasing of Geho pump slurry density from 

1.39 to 1.50 
319 

9 AHP 
BA slurry pump VFD 

installation VFD installed in Bottom Ash slurry pump. 
228 

10 AHP 
Stopping of one inline 

pump 

As we experienced there is no requirement of 

Bottom ash makeup water cooling, so Inline 

pump stopped. 

594 

11 CHP 

Belt utilization for 

bunkering from 37 to 

58% 

1. Running of Paddle Feeder in 50%, logic 

should be made accordingly. 

2. Track hopper should always empty (maintain 

20% level) 

3. Weekly review of power consumption. 

4. Route must be start after proper planning. 

5. Reducing the time of empty running of 

crusher. 

6. Availability of compressor to be maintained 

1703 

12 CHP 
Providing interlocks for 

dust extraction system 

Logic implemented as conveyor run extraction 

system will run else dust extraction system is in 

stop condition. 

1109 

13 BTG 

Installation of  Silica gel 

breather in CW 

discharge valve oil 

station 

Avoiding of running external oil purifier 

(Installed in all the 3 units) 

4 

14 CHP 

Running of dribble 

conveyor in opportunity 

basis 

Dribble conveyor is provide to convey the fine 

dust, small particle coal coming out from Apron 

feeder. The same is in OR gate logic with Apron 

feeder.  

The quantity of fine dust / particle is small 

amount, so it is better to run the Dribble 

Conveyor in selective mode / opportunity basis 

for saving of energy 

220 

Way forward for reduction in Aux Power consumption 

S.NO Area 
Oppertunities 

Identified  
                                       Actions Taken 

Power Saving 

(MWH/Year)  
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1 BTG 
CW discharge header 

interconnection 

 Interconnection between Unit 3 & 4, CW 

discharge header so that with 3 CW pumps both 

the Unit can achieve full load operation. 38016 

2 BTG 

Unit 1 & 2 and Unit 3 

& 4 seal water and 

OCCW discharge 

header 

interconnection Avoiding of running CWP, OCCW and CEP 5170 

3 BTG 

Installation of dosing 

line in DP Pump to 

boiler filling line 

Avoiding of running CWP, OCCW, CEP and 

Booster pump(Installed only in Unit 1) 187 

4 BTG 
Service water return 

line interconnection 

Reducing of CT make pump running hours by 

diverting of service water return from shut down 

unit to running unit CT basin 0 

5 BTG ID Fan & CEP Installation of VFD in ID Fan & CEP 13281 
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CHAPTER 6 

PERFORM ACHIEVE & TRADE MECHANISM  

6.1 INTRODUCTION  

For successful implementation of energy conservation measures, it necessary to have basic 

infrastructure like skilled man power, awareness, and availability of required technology in the 

market, accountability and target. Since the passing of Energy Conservation Act 2001, it took 

almost ten years for the nodal authority BEE to create the minimum basic infrastructure required 

for the implementation of energy conservation measures in Indian Industries by imparting 

training to the industrial experts on the field of energy management and auditing, creating 

awareness through media & workshop, making availability of energy efficient equipment with 

star rating labels.  

Now the Indian industries are ready to accept the accountability & target mechanism since it has 

become viable for bringing out the realistic result. And the nodal authority BEE has enforced this 

accountability & target mechanism for all the designated consumers under the name PAT 

(Perform, Achieve & Trade) which will be in force for three years from 2012 to 2015.  

During this PAT cycle designate consumers will have to achieve the target, set by the nodal 

authority BEE based on the performance of the concerted industry. Simultaneously industries 

covers under the PAT will be accountable for achieving or not achieving the target with financial 

gain or loss by treading energy saving certificate in the market.  

Since the thermal power plants are the major consumers of the energy source, covering these 

industries under PAT mechanism are bound to have direct impact on fossil fuel depletion rate, 

annual capacity addition and environmental pollution as a result of improvement in the operating 

efficiency of plant.  

At the same time it is also the fact that in thermal power plant the space for energy conservation 

between huge pressure for generation and tight maintenance schedule is so narrow that the 

proposed energy conservation measures are always kept in the ice room. Now, when the 

accountability and target mechanism (PAT) has been enforced, it is necessary for all thermal 

power plants to widen the space for energy conservation not only for financial gain but also for 

the wider interest of the nation.  
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Handling PAT scheme for thermal power plant is more complicated than other industries 

because it involves mainly with heat exchanging process and the details knowledge on this 

subject is known to those who are not directly related to the operation and maintenance activities 

of any thermal power plant. 

 

6.2 How will PAT work?  

Each DC will be given Specific Energy Consumption (SEC) target to meet over a period of three 

years. Any additional saving will qualify for earning Energy Saving Certificates (ESCerts), 

which could be traded, with DC's who could be short of targets. This trade can be made 

bilaterally or through exchange. 

6.3 Impact of PAT 

According to Government of India, the estimated size of this entire scheme will be about 700 

Billion Indian Rupees or approximately 16 Billion US Dollars and will lead to 98 million tons of 

GHG mitigation. BEE is setting up the overall framework for the scheme and Energy Efficiency 

Services Limited (EESL) will work as an implementation and monitoring agency for the entire 

scheme. 

 

6.4 PAT Timelines 

First target period of PAT, scheduled to start in April 2011 came into effect with itôs first 

compliance period 2012-2015. Each target period is planned to be of three years. March 2014 

would thus mark the conclusion of first target period. At the end of each target period, DC's 

performance on SEC reduction will be assessed by third party auditors who will submit their 

verification reports to EESL. Verification and allotment of the first target period would be 

completed post which the trading/delivery will start on exchanges. 

 

 

 

 



60 
 

          
 

 

 

 

 

                                                                                                  

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

FIG 12 ï PAT mechanism and structure 
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6.5 Significant of the target heat rate  

The target parameter is Net Heat Rate and it is related with other parameters as shown in the 

following Fig 

 

 

FIG 13 ï Setting up the Target Heat Rate 

 

Net Heat rate which is the target heat rate, is the actual utilized heat energy (Kcal) for producing 

one KWHR of electrical energy and it is expressed by the following formula  

 

Target Heat Rate = [(Gross Heat Rate) / (1- % APC)]  

Gross Heat Rate is the required heat energy (Kcal) for producing one KWHR of electrical 

energy and it is calculated by the following two methods  

1. GHR ( G t G) = [Fuel input (Ton) x GCV ( Kcal /Kg)] / [Gross Generation (MU) x 1000]  

2. GHR( THR/BE) = [Calculated Turbine Heat rate] / [Calculated % Boiler efficiency ]  



62 
 

% Auxiliary Power Consumption is the consumption of total electrical energy (Unit + Station) by 

the generation plant with respect to the total generation of electrical energy.  

% APC = [Energy consumption (MU) by Unit + station Auxiliaries /Gross Generation (MU)] 

x100  Since thermal power plant consumes both thermal (Coal/Lignite/Oil/Gas) and electrical 

energy, Net Heat rate is considered as target for optimizing the uses of both thermal & electrical 

energy. 

 

6.6 Methodology adopted for setting target in PAT scheme  

Target heat rate is calculated based on % deviation of the design heat rate from the operating 

heat rate. The target heat rate can be calculate as per the following method 

 

 
 

FIG 14 ï Methodology for target setting 

 

6.7 In terpretation of the heat rate performance  

The CUSUM plot of Net heat rate, which is a function of Gross heat rate & % APC, is showing 

little raising trend for last two years. But the % auxiliary consumption is showing lower trend for 

last two years. Therefore it can be concluded that raising trend of net heat rate is not due to % 

APC but for raising trend of gross heat rate.  

 



63 
 

Gross heat rate is affected by the following reasons -  

I. Error in fuel quantity measuring  

 

II. Increase of Turbine heat rate  

 

III. Decrease in Boiler efficiency  

 

 
6.8 Decision Making 

 

 

 

 

 

 

 
              

 
FIG 15 ï Decision making process under PAT 
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FIG 16 ï Decision making process-II  

            

 

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

             

    

 
FIG 17 ï Decision making process- III  
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CHAPTER 7 

ENVIRONMENTAL REGULATIONS  

7.1 ENVIRONMENTAL STANDARDS FOR POWER PLANTS  

A. Thermal Power Plant : Emission Standards        

 
Generation Capacity Pollutant Emission Limit 

Generation capacity 210 

MW or more 

 

Generation capacity less 

than 210 MW 

Particulate matter 

 

Particulate matter 

150 mg/Nm3 

 

300/Nm3 

Source: MOEF New Delhi Notification G.S.R.7. Dated 22.12.1998 

 

Depending upon the requirement of local situation, such as protected area, the State Pollution 

Control Boards and other implementing agencies under the Environment (Protection) Act, 1986, 

may prescribe a limit of 150 mg/Nm3, irrespective of generation capacity of the plant. 

 

B. Thermal Power Plants : Stack Height/Limits 

Generation Capacity Stack Height (Metres) 

500 MW and above 275 

200 MW/210 MW and above to 

less than 500 MW 

220 

Less than 200 MW/210 MW H= 14 Q0.3where Q is emission rate 

of  SO2 in kg/hr, and H is Stack 

height in meters, subject to a 

minimum of 30 meters. 

 

 Source : EPA Notification 

[G.S.R. 742(E), dt. 30th Aug; 1990] 
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C. Liquid waste discharge limit 

 
Parameter Maximum limit of concentration (mg/l 

except for pH and temperature) 
pH 6.5-8.5 

Temperature As applicable for other thermal power plants 

Free available chlorine 0.5 

Suspended solids 100.0 

Oil and grease 20.0 

Copper (Total) 1.0 

Iron (Total) 1.0 

Zinc 1.0 

Chromium (total) 0.2 

Phosphate 5.0 
Source: MOEF New Delhi Notification G.S.R.7. dated 22.12.1998 

 
7.2 TEMPERATURE LIMIT FOR DISCHARGE OF CONDENSER COOLING 

 WATER  FROM THERMAL POWER PLANT  

 

¶ New thermal power plants, which will be using water from rivers/lakes/reservoirs, shall 

install cooling towers irrespective of location and capacity. Thermal power plants which 

will use sea water for cooling purposes, the condition below will apply. 

 

¶ New projects in coastal areas using sea water. 

 The thermal power plants using sea water should adopt suitable system to reduce water 

 temperature at the final discharge point so that the resultant rise in the temperature of 

 receiving water does not exceed 7°C over and above the ambient temperature of the 

 receiving water bodies. 

 

¶ Existing thermal power plants. 



67 
 

 Rise in temperature of condenser cooling water from inlet to the outlet of condenser shall 

 not be more than 10°C. 

 

¶ Guidelines for discharge point: 

 The discharge point shall preferably be located at the bottom of the water body at mid-

 term for proper dispersion of thermal discharge. In case of discharge of cooling water 

 into sea, proper marine outfall shall be designed to achieve the prescribed standards. The 

 point of discharge may be selected in consultation with concerned State Authorities/NIO. 

 No cooling water discharge shall be permitted in estuaries or near ecologically sensitive 

 areas such as mangroves, coral reefs/spawning and breeding grounds of aquatic flora and 

 fauna. 

Source: MOEF New Delhi Notification G.S.R.7. dated 22.12.1998 

 

7.3 UTILIZATION OF FLYASH  

In order to make mandatory use of flyash based products by the brick kilns, Thermal Power 

Stations and CPWD & state PWDs, vide notification no. 763(E) dated September  14, 1999. 

Ministry of Environment & Forest has issued directions  

- Each coal or lignite based thermal power plant shall constitute a dispute settlement committee 

which shall include the General Manager of the thermal power plant and a representative of the 

relevant Construction and fly ash Brick Manufacturing Industry Association / Body, as the case 

may be. Such a Committee shall ensure unhindered loading and transport of fly ash without any 

undue loss of time. Any unresolved dispute shall be dealt with by the concerned State or Union 

territory Government level monitoring committee mentioned elsewhere in this notification. 

-Thermal Power Plants shall annually submit an action plan for utilization of flyash  

New Plants  

30% within three yrs 100% within 9 yrs  

Existing Plants  

20% within three yrs 100% within 15 yrs  

Existing notification on utilisation of flyash was amended vide notification no S.O. 979(E) , 

dated August 27, 2003 by Ministry of Environment & Forests. 
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7.4  INITIATIVES OF VEDANTA F OR LESSER EMISSIONS AND BETTER 

 ENVIRONMENT  

 

¶ Online monitors for PM, SO2, NOx & CO in all the stacks. 

¶ Fabric filter for lesser emissions 

¶ Stack of 275 m height to ensure wider dispersion of emissions. 

 

7.5  WATER CONSUMPTION BY THERMAL POWER PLANTS IN INDIA  

A rough estimate based on 1999ï2001 data from Central Pollution Control Board (CPCB) 

states that out of a total of about 83,000 million litres per day (MLD) of water discharged by 

all the industries in India, about 66,700 MLD (~80 per cent) is cooling water discharge from 

the thermal power plants. During the same period, it was estimated that for every MW of 

power produced, Indian thermal power plants consumed about 80 m3 of water as compared 

to less than 10 m3 water consumption in developed nations. This is mainly attributed to the 

once-through cooling system (open loop system). 

 

 

FIG 18 - Industrial water use in India 
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7.5.1 Process water use in power generation 

Water is used for many purposes in a power plant, such as in the cooling tower, condensers, DM 

(demineralization) plant, drinking water needs, firefighting, coal handling, ash handling, service 

water, and others. 

 

7.5.2 Specific water consumption 

Comprehensive information on the water consumption of power plants in India is not readily 

available in the public domain. However, a tentative study suggests an example (as shown in 

Figure 2) of the break-up of specific water consumption of a coal-based thermal power plant 

with ash water recycling facility. It can be seen that cooling towers and ash handling are the 

major water consuming areas and account for about 70 per cent of the water use within the plant. 

 

 

FIG 19 - Specific water consumption of a coal based thermal power plant in India 

Source- www.energymanagertraining.com 

Water is lost in following processes- 

¶ Ash handling 

¶ Cooling tower 

¶ Township water supply 

¶ Cycles of concentration (CoC) 

Water audit in two thermal power plants revealed that the CoC ranged between 2.0 and 3.5. 

There is significant scope for improving the CoC initially to around 4ï5, and later to maybe 

http://www.energymanagertraining.com/
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something higher (8 or even 10) by various interventions, including the use of stabilizing 

chemicals and disinfectants, thus saving a large quantity of fresh water needed as make-up. 

Water is also lost in other phases of the power generation process. During the de-

mineralization and coal-handling processes, water is lost due to the óblow downô and other 

leakages. 

However, it is evident from the above explanations that if careful and regular accounting 

of water consumption is internalized, significant water conservation can be achieved on a regular 

basis in the cooling towers, ash handling system, firefighting system, drinking water supply, and 

wastewater discharges. However, in order to achieve this, regular and mandatory water audits of 

the entire power plant is of foremost importance.  

7.6 COSTïBENEFIT: VARIOUS SCENARIOS  

7.6.1 Recycling drain wastewater 

Water audit of closed-cycle thermal power plants (of about 3,000 MW capacity) reveals that an 

immediate intervention of recycling drain wastewater can save about 17.9 million m3/year with 

an associated financial saving of about 7.2 crore/year. 

Source- TERI policy brief report, Dec-2012 
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FIG 20 - Open-cycle versus closed-cycle: Major water consumption areas and associated 

cost in a coal-based thermal power plant (capacity 3,000 MW) 

Note - Values are indicative and in case of open-cycle systems, values are assumed to be 

about 40 per cent more than the closed-cycle system 

Source- TERI policy brief report, Dec-2012 



72 
 

 

FIG 21 -Potential reduction in water consumption 

 

7.7 RECYCLING OF WATER USED IN ASH HANDLING AND REDUCTION IN 

 COOLING TOWER WATER CONSUMPTION  

In the long term, including recycling of water used for ash handling as well as reduction in 

specific water consumption of the cooling tower, a total of about 65 million m3/year could be 

potentially saved with an associated financial saving of about 26 crore/year (figure & Table) 

With reference to item 3 from Table , a simple costïbenefit analysis of recycling the wastewater 

(at a conservative 80 per cent of about 60,000 m3/day of the wastewater generated) was carried 

out as given below: 

¶ Rate of fresh water procured from irrigation department = 4/m3 

¶ Capital cost for setting up a 60-MLD recycling plant = 13 crore 

¶ Annual operation and maintenance (O&M) cost (including cost of chemicals, manpower, 

and electricity) = 168 lakh (say 1.7 crore) 

¶ Annual savings on cost of procuring fresh water (by recycling the wastewater discharged 

through drain) = 7.2 crore. 
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Table- Financial benefits of water conservation interventions 

Sr. No. Identified interventions Potential water saving 

volume (million m3/year) 

Potential savings in 

cost* (in crore/year) 

1. Potential saving if specific 

consumption of water in cooling 

towers is reduced from 2.5 to 1.5 

21.9 8.7 

2. Potential saving if water lost in ash 

handling is recycled (about 70 per 

cent) 

20.6 8.3 

3. Recycling wastewater from major 

drains of plant (adopting zero 

discharge) 

17.9 7.2 

4. Total (including plugging leakages 

and recycling township STP 

wastewater) 

65.2 26.1 

Note:* At the rate of current cost of procurement of freshwater intake 

FIG 22 ï Financial benefits of reduction in consumption 

 

7.8 PAYBACK PERIOD  

The payback period for the proposed wastewater treatment and recycling system (ETP) = Capital 

cost of proposed ETP (b)/ {Annual savings on cost of freshwater (d) ï Annual O&M cost(c)} 

i.e., the payback period = 13/(7.2 ï1.7)= 2.36 years, i.e., less than 3 years. 

 

7.8.1 NEED FOR ESTABLISHING WATER USE BENCHMARKS  

The Central Pollution Control Board (CPCB) has set water quality standards for liquid effluents 

from condenser cooling, boiler óblow downô, and cooling tower óblow downô. However, there are 

no standards for water consumption. Water-use benchmarks that take into consideration technical 

feasibility, economic feasibility, and present social constructs must be established. This is to be 

preceded by extensive water audits to enhance understanding of all the systems. 
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7.9 BENEFITS OF WATER AUDITS  

Water audits, thus, help in the development of an integrated industrial water management 

strategy, which optimizes efficient use of water, improves water productivity, reduces losses, and 

helps in identifying alternative methods of water conservation. It reduces specific water 

consumption and helps in setting benchmarks. 

 

There are three other benefits: 

Policy relevance 

¶ Improving water-use efficiency helps contribute to the overall objectives of the National 

Water Policy and National Water Mission. 

¶ Mandating regular water audits through a policy directive would ensure dynamic 

assessment of the water-use efficiency in the sector and help regulate and improve the 

water usage in the power sector on a real-time basis. 

Financial benefits 

¶ Interventions identified through water audits will require capital investments. However, 

in most of the cases, such investments will result in considerable savings in the cost of 

procurement of freshwater with short payback periods, thus, making it an excellent 

financially sensible proposition. 

¶ Plants with prior informed and incremental investment in water-efficient policies and 

technologies will benefit more compared to others. 

Co-benefits 

The most manifest co-benefit of water audits is the conservation of energy and consequent 

monetary savings, given that water is a critical part of the energy value chain. 
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7.10 COMMERCIAL UTILIZATION OF FLY ASH  

The ash utilization has been deliberated at various different forum and at all levels at the Central, 

State Govts., Power Utilities, thermal power plants and all concerned user groups, agencies etc. 

All Power Utilities and Thermal Power Plants are to plan & implement ash utilization targets, 

keeping in view long term strategies on sustainable basis. The ash utilization is a priority. 

The ash utilization is required to be carried out at all the coal and lignite based thermal power 

plants that are emitting ash and it needs to be carried out by all projects that are under 

construction, renovation, modernization and those at the preliminary stage of investigation and 

infrastructure development within 100km radial distance and if necessary, ash utilization may 

also be carried out beyond 100km radial distance. 

The important areas of ash utilization are indicated below: 

i) Building Sector for use in bricks, blocks, tiles, cement, concrete, plaster, etc. 

ii) Land reclamation, filling low lying areas, raising ground levels. 

iii) Roads, embankments, ash dykes, road blocks, kerb stones, etc. 

iv) Agriculture and wasteland area development. 

v) Hydro Sector, Irrigation, drains, water supply & drainage, lining of rivers, tributaries, canals, 

minors, sub-minors etc. 

vi) Mine filling. 

vii) Industrial applications & high value areas. 

viii) Roller compacted dams, pavements, roads etc. 

ix) Special use for ash e.g., collecting cenospheres from floating ash. 
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SUGGESTIONS & RECOMMENDATIONS  

¶ SHR trend shows high variations from design value and its analysis shows major 

problems associated with SH & RH spray with a huge deviation. 

¶ APC is more than the standard value recommended by CERC. Actions are being taken by 

the respective departments to bring it down. Continuations of these efforts are necessary. 

¶ PAT Mechanism is very beneficial for thermal power plants which produce dual benefit 

of process improvement as well as monetary benefit. Implementation of PAT is a way to 

spend less and earn more. 

¶ Power plant is witnessing major construction work. More fly ash could be utilized there 

as it is under regulatory compliance. 

¶ Regular water audits with some process modification could come up with monetary 

benefits (FIG-22). 
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